Dtb Mo 1946 



ARR June 1942 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 





ORIGINALLY ISSUED 

June 1942 as 
Advance Restricted Report 

EFFECT OF AN AROMATIC MIXTURE ADDED TO TWO 100-OCTANE FUELS 
ON ENGINE TEMPERATURES AND FUEL CONSUMPTION 
By Alois Krsek, Jr., and Anthony W. Jones 



Aircraft Engine Research Laboratory 
Cleveland, Ohio 




N A C A LIBRARY 

WA^Nr-rnKJ LAWG " Y MEMORIAL AERONAUTICAL 
WASHINGTON laboratory 

Lanjrley FieM. V a . 



NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but axe now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



E-119 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



ADVANCE RESTRICTED REPORT 
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By Alois Krsek, Jr., and Anthony W. Jones 



SUMMARY 

Tests were conducted with an air-cooled cylinder on two 
fuels rated at approximately 100-octane number "by the C.F.R. 
aviation method with and without a 40-percent addition of an 
aromatic mixture. The aromatic mixture consisted of 50 percent 
toluene, 37.5 percent xylene, and 12.5 percent "benzene, the 
percentage being determined on a volume basis. 

The data obtained indicate that the aromatic mixture had 
little or no effect on engine temperatures, indicated mean ef- 
fective pressure, or indicated specific fuel consumption in the 
fuel-air ratio range used by present-day aircraft engines. The 
data also indicate that in the rich region the aromatic fuel in 
some cases gave a lower specific fuel consumption than did the 
straight paraffin fuel. 



INTRODUCTION 

The effect of additions of aromatics on the performance 
of several 100-octane fuels was reported in reference 1, which 
was written upon the recommendation of the NACA Subcommittee 
on Aircraft Fuels and Lubricants. It i3 shown in reference 1 
that certain benefits can be realized from the addition of 
aromatics. There is some question regarding possible detri- 
mental effects of aromatics and the advisability of using aro- 
matics in aircraft fuels. ' It has been believed that aromatics 
cause higher engine temperatures, which would prohibit their • 
use in aircraft fuels. The test work reported in reference 1 
was conducted on a liquid-cooled cylinder. Sufficient tempera- 
ture data were not obtained to make a complete temperature 
study. For this reason, it was decided to 'Conduct further 
tests, U3ing an air-cooled cylinder to investigate the effects 



of an aromatic mixtv.ro on engino temperatures. The air-cooled 
cylinder is "bettor suited,,, for temperature studies than the liquid- 
cooled cylinder because the higher temperature areas in the air- , 
cooled cylinder respond more to differences in heat input. 



FUELS TESTED 

NACA fuels 9 and 11/ described in reference l,were used in 
these tests. Each fuel war:? used with ?.nd without a 40-percent 
addition of an aromatic mixture. This mixture, which had been 
used in previous test work on aromatics, consisted of 50 percent 
toluene, 37.5 percent xylene, and 12.5 percent benzene on a 
volume basis. For convenience, the aromatic blend consisting 
of 60 percent fuel 9 and 40 percent; mixed aromatics will be 
designated fuel 9B in this repo.t with the same blend of fuel 
11 designated 11B. 

The octane number by the C.F.R. aviation method (reference 2) 
and the totraethyl lead content were approximately the same for 
both fuels. Fuel 9, having an octane number of 97.9, contained 
2.91 ml totraethyl lead per gallon and fuel 11, having an octane 
number' equivalent to isooctane plu3 0.01, contained 3,00 ml 
tetraethyl lead. 



TEST PROCEDURE 

Tests wore conducted on a Fright G-200 cylinder mounted on 
a C.U.E. crank-case. The following conditions were held constant 



during all the 1 tests: 

Engine speed, rpm , . 2000 

Spark advance, dog B.T.C 20 

Compression ratio . 7,0 

Inlet-air temperature, dog F .......... 250 

Inlet-air pressure, in. Eg abs: 

Fuel 9 26 

Fuel 11 21 

Cooling-air pressure drop, in, water ........... 3 



s 



The first tests vers made with fuels 9 and 9B, with the 
inlet-air pressure adjusted so as to remain, below the incipient 
knock level ' over the entire fuel-air range. After' the tests 
with fuel 9 were completed, the engine was used for a different 
type of test before the work was continued with fuel 11. When 
fuel 11 was tested, it was necessary to lower the inlet-air 
pressure to 21 Inches of mercury absolute to avoid knook, al- 
though fuel 11 had a slightly higher octane rating than fuel 9. 
An examination of the cylinder, the piston, and the rings after 
the testB did not give an explanation for the lower inlet-air 
pressure required by fuel 11. 



TEST HESrjLTS 

Engine Performance 

Performance data for fuels 9, 9B, 11, and 11 B are shown 
in figures 1 and 4. Fuel 9 shows a higher indicated mean ef- 
fective pressure and lower indicated specific fuel consumption 
than fuel 9B in the lean Legion below a fuel-air ratio of 0.065 
but shows no apparent difference in the rich region. Fuels 11 
and 11B show equal jcrfoHnance in tho lean region with the fuel 
blended with aromatics showing an advantage in the rich region. 
Tho volumetric efficiencies obtained with the straight fuels 
were from 0.75 to 1.50 porcont higher than those obtained with 
the blended fuels. 

Figures 2 and 5 present the performance data on a lean- 
and rich-mixture basis, the abscissa scale used being the ratio 
of tho fuel-air ratios obtained to the chemically correct or 
thooretical fuel-air ratio for perfect combustion. Any vertical 
displacement of the fuel- consumption curves plotted on a percont- 
lean or a percent-rich basis is due either to a difference In 
net or lower heating value or to a difforence in thermal ef- 
ficiency of tho fuels in tho engine or to both. As tho ratio 
of the not or lower heating values of any two fuels remain 
constant, their .consumption curves would be parallel, provided 
their thermal efficiencios wero identical. The consumption . 
ourves for fuels 9 and 9B show a divergence In the loan and 
in tho rich regions, indicating that the blond has a thormal 
efficiency different from that of tho straight fuel. The con- 
sumption curves for fuels 11 and .11B are practically identical, 
indicating that tho thermal efficiencies of the fuels are ln- 
versoly proportional to their lower heats of combustion. 
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■ Engine Temperatures 

For fuels 9 and 9B at fuel-air ratios greater than 0.07 
there was no .difference In the engine temperatures as shown In 
figure 3 - average head; average "barrel; rear spark-plug hush- 
ing; cylinder barrel, middle, rear; ahove cylinder flange, rear; 
center of head between valves; exhaust end zone; and Inlet end 
zone. For fuel-air ratios leaner than 0,07, the temperatures for 
the straight fuel rare about 15° F higher than for the blended 
fuel. Higher temperatures were also recorded for fuel 11 in the 
lean region, but in the rich region the temperatures obtained 
with fuel 11B were, in geroral, 15° F higher than those obtained 
with the straight fuel, as shown by figure 6. 

The largest difference occurred in the temperature of the 
exhaust gases from fuels 11 and 11B. In the fuel-air ratio 
range from 0.070 to 0.105, the exhaust temperatures from fuel 
11B were 90° F higher than from fuol 11. The exhaust tempera- 
tures from fuel 9B were consistently higher than from fuel 9 
over the entire fuel-air range, with a maximum difference of 
5G 3 F in the rich region. The temperatures reoorded at the 
exhaust-valve guide were 20° F higher for fuels 9B and 11B 
than for fuels 9 and 11 within the fuel-air ratio range of 
0.066 to 0.110. With mixtures leaner than 0.066, there was 
no temperature difference between the straight fuels and their 
aromatic blends. The maximum spark-plug-electrode temperatures 
for each fuel and Its aromatic blend were almost identical. Ab 
the mixtures were enriched, the temperatures for the fuels with 
the aromatic blend decreased less than the temperatures for the 
straight fuels. 



AKALYS33 OF TEST RESULTS 

In the general rating and comparing of fuels from consid- 
eration of economy, much emphasis is placed on the not or lowor 
hoating values of tho fuels In question. The usual assumption 
is made that tho fuel with the highest net heating value will 
perform with the lowost indicatod spocif ic consumption. It 1b 
known that indicatod specific fuel consumption is proportional 
to tho product of several factors, such as cycle offlcioncy, 
combustion efficiency, and hoat of combustion. These factors 
aro functions of tho many variables introduced by the fuol, tho 
onglne, and conditions of onglne operation. Some of the vari- 
ables that influence cycle efficiency are speed of combustion, 
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specific heats of the combustion gases, heat of combustion, 
combustion efficiency, expansion ratio, and heat losses. The 
variables "that" Influence combustion efficiency include equilib- 
rium constants, temperatures, time, and combustion products. 
The. heat of combustion 9." the heating value, of a. fuel is entirely 
dependent upon the chemical nature of the compound. Since the 
heat of combustion is determined under conditions very different 
from actual engine conditions, these variables enter into the 
engine combustion process as deleterious or compensating- agents. 

Upon consideration of the data- on aromatic- fuels given In 
reference 1 and the data Included here, it is evident that some 
type of compensation was occurring. The higher fuel consumptions 
expected from the aromatic fuel:: hacause of their lower net heat- 
ing values do not appear In the todt data. For this reason, the 
aromatic fuels should not to penalized because of their lower 
net heating values. 

Higher combustion temperatures vere anticipated with the 
aromatic fuels because of tioir lower iiydrogen- carbon ratios, 
compared with the straight fuels. A lover hydrogen- carbon ratio 
would indicate a smaller quantity of water formed and a reduction 
in heat capacity of the combustion gases. The exhaust-gas tempera- 
tures (fi«j. 6) show this reduction in heat capacity of the combus- 
tion gases. It is Interesting to note t'.iat tho difference in ex- 
haust temperatures did not appear in the head and the cylinder 
temperatures. 



CCNCLUSIONS 

1. An aromatic mixture up to 40 percent, when added to 
current paraffinic aviation fuels, results in a small decrease 
in indicated mean effective pressure in the leaner portion of 
tho fuel-air range of practical interest, 0.065 to 0.100. 

2. The aromatic mixture ■ showed no effect on the Indicated 
specific fuel consumption other than a- possible decrease in 
specifio fuel consumption in the rich region and a possible 
Increase in consumption in the region of fuel-air ratios 
leaner than 0.070. 

3. Fuels containing up to 40 percent aromatics should have 
their consumption rates determined ~bj performance in an engine 
and not estimated by a comparison of heating values. 
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4. The aromatic mixture oaused a decrease In volumetric 
efficiency of about 1 percent. 

5. The temperature differences oaused by the aromatic 
mixture in the engine head and the cylinder were of no prac- 
tical Importance. 

6. The maximum spark- plug- eleot rode temperatures for each 
fuel tested and its aromatic blend vere identical, 

7. The aromatic mixture caused a 90° F rise in exhaust 
gas temperature when used with one of the two fuels tested. 

From considerations of engine toaporatures, Indicated 
specific fuel consumption, and indicated mean effective pres- 
sure, the data presented herein Indicate that aromatics up to 
40 percent by volume can be added to ourrent aviation fuels 
with no appreciable deleterious effoots. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautios, 
Langley Field, Va. 



REFERENCES 

1. Biermann, Arnold E. , Corrington, Lester C. , and Barries, 

Myron L. : Effect of Additions of Aromatics on the 
Knocking Characteristics of Several 100- Octane Fuels 
at Two Engine Speeds. KACA ARB, May 1942. 

2. Anon.: Test Procedures and General Information In Current 

Use In the Development and Utilization of Aviation, 
Motor, and Automotive Diesel Fuels. Cooperative Fuel 
Res. Comm. , May 1941. 



6 1 .8 1 1.0 r—4.2 i l.U 1 1.6 1 1.8 1 — 2.0- 




.8 Ho H2 TX 1.6 

Fuel-air ratio/theoretloal fuel-air ratio 
Figure 2. - Relation batman fual-air ratio on a rieh and lean bull and 
angina perforaanoe for HACA fuel 9 with and without addition of Ifi per- 
cent nixed aromatic! . Wright G-200 oyllnder] engine apeed, 2000 rpmj 
•park adTanoe, 20°; ooapreaalon ratio, 7.0; inlet-air preeaure, 26 inohes 
Kg abaolutej inlet-air teapereture, 250°Fj oooling^preeeure drop. 3.0 
<nohea water. 



.0 


5 


. 


36 


.0 














L0 


.] 


1 


• 


12 




































— O 




/ 




V 




























/ 




6 



































































































J 


c2 































































































O 




O 


















-a — 


















■ 






— 














i. 


















■ — i 








Q 



















































































































rw 


1 














1<5 




— * — ' 














□ 9 
.0 9 




pere 


tut 










3 


















*■ 


■oaatioi 

1 





.05 



.06 



.07 



.10 



.11 



.12 



.08 .09 

Fuel-air ratio ►* 
Figure 1. - Relation between fuel-air ratio and engine perforaanoe for IACA t uel « 
9 with and without addition of kO peroent mixed aromatioa. Wright 0-200 

oylinderj engine apeed, 2000 rpmj ■park adTanoe. 20°j ooapreation ratio, ?.0| H 

inlet-air preiaure, 26 inohes Hg abaolutej inlet-air teaperature, 250°Tl " w 
cooling^'preeeure drop, J.O inohea water. 
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Figure 6. - Relation batman fuel-air ratio and engine temperatures for SAC/ 
fuel 11 with and without addition of 1*0 peroent nixed aromatioa. Wright 
0-200 ejrlinderi engine apeed, 2000 rpm; ipark adranoe, 20°) oonprr>>eics^ 
ratio, 7*0| inlet-air preoaure, 21 inehaa Ig abaolutei inlet-aii txupera- 
250°Fj oooling'^reeeure drop, 3.0 iaobea water. 
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Figure 6. - Concluded. 
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